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The impurity induced antiferromagnetic ordering of the doped spin-Peierls magnet Cu1−xMgxGeO3
was studied by electron spin resonance (ESR) technique. Crystals with the Mg concentration x <
4% demonstrate a coexistence of paramagnetic and antiferromagnetic ESR modes. This coexistence
indicates the separation of a macroscopically uniform sample in the paramagnetic and antiferromag-
netic phases. In the presence of the long-range spin-Peierls order (in a sample with x = 1.71%) the
volume of the antiferromagnetic phase immediately below the Ne´el point TN is much smaller than the
volume of the paramagnetic phase. In the presence of the short-range spin-Peierls order (in samples
with x = 2.88%, x = 3.2%) there are comparable volumes of paramagnetic and antiferromagnetic
phases at T = TN . The fraction of the antiferromagnetic phase increases with lowering tempera-
ture. In the absence of the spin-Peierls dimerization (at x = 4.57%) the whole sample exhibits the
transition into the antiferromagnetic state and there is no phase separation. The phase separation is
explained by the consideration of clusters of staggered magnetization located near impurity atoms.
In this model the areas occupied by coherently correlated spins expand with decreasing temperature
and the percolation of the ordered area through a macroscopic distance occurs.
PACS numbers: 75.10.Jm, 76.50.+g, 75.50.Ee
I. INTRODUCTION
Quasi-one-dimensional magnet CuGeO3 is a unique in-
organic compound demonstrating a spin-Peierls phase
transition.1 The spin-Peierls transition may occur in a
crystal containing spin S = 1/2 antiferromagnetic chains
due to the spin-lattice instability with respect to the
dimerization of magnetic ions.2 Below the transition tem-
perature TSP=14.5 K the lattice period along the chain
direction becomes doubled and the exchange integral al-
ternates taking in turn two values J±δJ . Due to this al-
ternation the ground state is a singlet separated from the
excited triplet states by an energy gap ∆=2 meV.3 Thus
at low temperatures pure crystals appear to be almost
nonmagnetic and a small residual magnetic susceptibility
is provided only by defects. The amplitude of the atomic
displacements resulting in the dimerization can be chosen
as the order parameter of the spin-Peierls phase. Impu-
rities substituting magnetic or nonmagnetic ions disturb
the homogeneity of the spin-Peierls phase in CuGeO3.
The doping diminishes the transition temperature and
results in an antiferromagnetic long-range ordering.4–8
The spin-Peierls dimerization and the impurity-induced
magnetic order were found to coexist at low impurity
concentration x. Stimulation of the long-range antiferro-
magnetic order by impurities was explained in Refs. 9–11.
The violation of the dimerization around an impurity re-
sults in the formation of a soliton-like spin cluster with
an antiferromagnetic correlation of neighboring spins and
staggered magnetization. Overlapping of clusters and the
weak interchain exchange result in the long-range three-
dimensional antiferromagnetic order.
The phase transition to the antiferromagnetic state
and T −x phase diagram were studied for different types
of doping atoms.12–19 For antiferromagnetic phases stim-
ulated by the impurities of Zn, Mg, Si the easy axis of
the ordered state is c axis, and for Ni-doping - the a
axis. The phase diagram contains areas of a uniform
(i.e., without dimerization) paramagnet, of a dimerized
paramagnet (i.e., of spin-Peierls state), and of the anti-
ferromagnetic state. It was shown experimentally that
there is no threshold concentration of impurities for the
occurrence of the magnetic order.17 Further detailed in-
vestigations revealed subtle features of the phase diagram
shown on the Fig. 1 for Mg-doped crystals of CuGeO3
following Ref. 20. The first order phase transition be-
tween dimerized and uniform antiferromagnetic phases
at a critical value of concentration was found.18,20 The
transformation from the dimerized to the uniform phase
in Mg- doped samples occurs in a concentration range
between 2.37% and 2.71%. The uniform phase demon-
strates a higher value of the Ne´el temperature. Further,
the state with a short-range spin-Peierls order was de-
tected for Mg-doped samples and the transition between
short range and long-range ordered spin-Peierls phases
was found.20,21 Finally, the reentrant phase transition
into the undimerized state from the dimerized antiferro-
magnetic phase was observed.22 A theoretical consider-
ation of the transition between dimerized and uniform
antiferromagnetic phases and of the reentrant transition
was given in Ref. 11.
This variety of phases is caused by the competition
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between the gapped dimerized state and the antiferro-
magnetic state which is gapless in the exchange approx-
imation. The spin-Peierls state does not allow the three
dimensional antiferromagnetic ordering in the pure com-
pound and, on the other hand, impurities restore the an-
tiferromagnetic correlations and suppress the spin-Peierls
dimerization.
The goal of this work is an ESR study of magnetic
properties of different antiferromagnetic phases and of
the phase transitions at various phase boundaries of the
phase diagram. The previous ESR investigations have
revealed the multispin nature of clusters formed near
impurity ions,23 and the gap in the zero-field ESR fre-
quency in the antiferromagnetic phase.23–26 Thus the
evolution from isolated clusters with local staggered
magnetization to the long-range antiferromagnetic or-
der may be followed using the ESR technique. We
used single crystal samples of Cu1−xMgxGeO3 from the
measurements18,20,22 of the phase diagram shown on
Fig. 1, or the samples grown by the same method on
the same installation. The phase transitions studied in
the present work are marked on Fig. 1.
As a result of this study we found that the formation
of the antiferromagnetic order at small impurity concen-
trations is accompanied by the microscopic phase separa-
tion into the paramagnetic and antiferromagnetic phases
and this phase separation differs in temperature evolution
for antiferromagnetic phases coexisting with a long-range
and a short-range ordered spin-Peierls background.
II. SAMPLES AND EXPERIMENTAL DETAILS
The single crystals of the Cu1−xMgxGeO3 with x = 0,
1.71%, 2.88%, 3.20%, 4.57% were grown by the floating
zone method. The impurity distribution was checked by
inductively coupled plasma atomic emission spectroscopy
technique and was found to be uniform within 0.1% (see
Ref. 20). We used single crystals with the dimensions of
about 1×2×2 mm.
The concentration of the residual magnetic defects
(both of the structure and impurity type) may be es-
timated from measurements of the ESR intensity of a
nominally pure (x = 0) sample (see the inset of Fig. 7).
This intensity rapidly decreases below the transition tem-
perature due to the freezing out of the gapped triplet ex-
citations. The minimum values of the ESR intensity and
of the static susceptibility observed at 4.5 K equal 5%
of these values at TSP . This intensity and susceptibility
correspond to the concentration of the residual defects
xdef ∼ 0.07% per Cu-ion.
The ESR spectra were taken by means of a spectrome-
ter with a set of transmission-type resonators. Measure-
ments were carried out in the frequency range 9 – 75 GHz
at temperatures 1.5 – 15 K. The magnetic resonance ab-
sorption line was recorded as a dependence of the trans-
mitted microwave power on the applied magnetic field.
The reduction of the transmitted signal is proportional
to the microwave power absorbed by the sample. For the
paramagnetic state the integrated intensity of absorption
is proportional to the static susceptibility.
III. EXPERIMENTAL RESULTS
The temperature evolution of the ESR line for the sam-
ple with the impurity concentration x = 4.57% is typical
of an antiferromagnet: at the decrease of the tempera-
ture starting from the Ne´el point (T = TN) the single
resonance line shifts to lower fields when the magnetic
field is perpendicular to the easy axis of spin ordering
(see Fig. 2).
The ESR lines of the samples with x = 1.71% and
x = 2.88% are shown on the Fig. 3 and Fig. 4. At
T = TN the resonance line splits into two spectral com-
ponents. Similar splitting was observed for the sample
with x = 3.20%. Below the Ne´el temperature the ESR
line is well described as a sum of the two Lorentzian
components (see inset of Fig. 3). The component shift-
ing to lower fields with decreasing temperature has a
nonlinear field-dependence of the resonance frequency
with strong anisotropy, shown in Fig. 5 for the sample
with x = 3.20%. We note this spectral component as
an antiferromagnetic resonance line since this frequency-
field dependence with two gaps is typical for two-axes
antiferromagnets.27 The other spectral component has a
linear frequency-field dependence with a temperature in-
dependent g-factor. We note this absorption mode as
a paramagnetic resonance corresponding to the g-factor
values ga = 2.14 and gb = 2.21 measured for the field
orientations along a and b axes correspondingly. These
values coincide within the experimental errors with g-
factors obtained for pure compound.
The temperature dependence of the resonance fields
at a fixed frequency is shown in Fig. 6 for the sample
with x = 2.88%. The temperature when the low-field
line starts to shift from the paramagnetic resonance po-
sition corresponds well to the value of TN obtained by
susceptibility measurements.19,20
To obtain the ESR spectra with two resolvable com-
ponents one should take the microwave frequency close
to the antiferromagnetic resonance gap. In this case
the difference between the paramagnetic resonance field
and that of a gapped antiferromagnetic resonance mode
will be more significant, helping to resolve two spectral
components. As shown on Fig. 5 the spectrum of anti-
ferromagnetic resonance of the doped CuGeO3 has two
branches with different gaps. The observation of the first
or the second branch by the field-sweep technique de-
pends on the field orientation. Therefore to meet the
condition mentioned we selected not only the microwave
frequency from the set of the resonant frequencies of the
microwave resonator, but also the orientation of the mag-
netic field with respect to crystal axes. Because the val-
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ues of gaps depend also on Mg-concentration, the data
for different samples are obtained at different microwave
frequencies and orientations of the external field.
The temperature dependences of the integrated in-
tensities of both components are shown on Fig. 7 for
x = 1.71%, and on Fig. 8 for x = 2.88% and 3.20%.
The remarkable feature of the two-component ESR spec-
trum is the large intensity of the paramagnetic line in a
temperature range below the Ne´el point. For the low con-
centration x = 1.71% the intensity of the paramagnetic
line below the Ne´el point is close to the integral inten-
sity above TN , and the intensity of the antiferromagnetic
resonance mode is much smaller than that of the para-
magnetic mode. For concentrations of x = 2.88% and
3.20% on the contrary, the intensity of the antiferromag-
netic resonance is larger than the intensity of paramag-
netic mode. For the concentration x = 4.57% there is
no distinguishable paramagnetic mode below Ne´el tem-
perature. We ascribe the whole intensity to the anti-
ferromagnetic mode and take the intensity of the para-
magnetic resonance as zero. The x−dependences of the
relative intensities of the paramagnetic and antiferromag-
netic modes extrapolated to TN from low temperatures
are plotted in Fig. 9. Because of significant errors oc-
curring near TN in the determination of the intensity of
a weak and wide antiferromagnetic component near the
narrow paramagnetic line the intensity of the antiferro-
magnetic component tends to be overestimated.
IV. DISCUSSION
A. Possible reasons for the paramagnetic mode in
the antiferromagnetic state
The identical values of the g-factor of the paramag-
netic spectral component below and above TN indicate
that this ESR signal is due to Cu2+ ions. The intensity of
this component decreases with decreasing temperature,
therefore it can not be ascribed to isolated Cu ions lo-
cated at the surface or at structure defects. The isolated
spins would show an increase in intensity according to
the Curie-law.
The paramagnetic resonance signal might be due to the
triplet excitations of the spin-Peierls magnet which are
present both in pure and doped crystals.7,15,28 However,
due to the gap in the triplet excitations spectrum the
intensity of this signal should rapidly drop with cooling
below TSP . To estimate the ESR intensity provided by
the triplet excitations we take the whole intensity in the
temperature range TN < T < TSP to be due to the
additive contributions of the impurity Curie-like part and
the triplet excitation part:29
I(T ) =
C
T − θ
+
D
T
exp(−
∆
kT
) (1)
Here C, θ are the Curie constant and Curie-Weiss tem-
perature, D is a constant depending on dimerization.
The results of the fitting of the ESR intensity by this
formula for the pure sample and for the doped sample
with x = 1.71% in the temperature range between TN
and TSP are shown on the inset of Fig. 7. We find that
for x = 1.71% the triplet part of the ESR intensity at
the Ne´el point should be of about of 10−3 of the observed
value and thus could not provide the paramagnetic reso-
nance signal observed.
For larger concentrations the triplet part of the inten-
sity and susceptibility is not well pronounced (there is
no evident drop of the magnetic susceptibility18 at low-
ering temperature). Nevertheless we can exclude the
triplet excitations for the following reasons. At x = 3%
the triplet excitations are overdamped,15,28 hence they
should strongly interact with the spins near impurities
and the coupling of the antiferromagnetic resonance and
of the triplet mode should occur. Depending on the cou-
pling parameter, the resulting ESR spectrum of two ex-
change coupled spin systems (see, e.g. Ref. 30) should
consist of a single line at the intermediate frequency or
of two separate lines with frequencies varying simulta-
neously at the change of external parameters or of the
coupling coefficient. Examples of the ESR spectra of the
exchange coupled systems including a spin-Peierls mag-
net, an antiferromagnet with impurities and thermally
activated spins in organic molecules may be found in
Refs. 23,31–35. In the present study we observe two-
component spectrum with constant field of the param-
agnetic mode and with the shift of the antiferromagnetic
line. Consequently there are no traces of the mutual in-
fluence of two modes which should occur if the paramag-
netic mode would be due to the triplet excitations. Thus
for x > 2% the contribution of triplet excitations to ESR
intensity at the Ne´el temperature is also negligible.
Further we prove that the observed two-component
ESR signals couldn’t be ascribed to a trivial inhomoge-
neous distribution of the Mg-concentration, and, hence
to different values of TN in different parts of the sam-
ple. The distribution of the Ne´el temperature would re-
sult in the wide band of absorption, while the observed
antiferromagnetic resonance absorption is well described
by a single Lorentzian. Besides that the range of the
distribution of x which is necessary to account for the
paramagnetic phase is much wider than obtained in con-
trol measurements. For example, to have the Ne´el points
in the range 1.5−2.25 K where both signals are present
for the x =1.71% sample, we should imagine the concen-
tration distribution in the range 1.3−2.2%. The width
of this range is much larger than 0.1% obtained in con-
centration measurements. The well defined singularities
on temperature dependences of the susceptibility20 and
of the resonance field (see Fig. 6) prove that the samples
are macroscopically uniform. The width of the transition
to the Ne´el state may be estimated from the susceptibil-
ity and ESR data, and we see that it is not larger than
0.1 K.
Summarizing the above analysis of possible reasons for
the paramagnetic resonance mode below the Ne´el point
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we state that the observed paramagnetic resonance sig-
nal can not be ascribed to isolated uncontrolled magnetic
defects, to triplet excitations or to an inhomogeneous dis-
tribution of impurities.
The uniform antiferromagnet is characterized by a sin-
gle order parameter and should exhibit only antiferro-
magnetic resonance modes corresponding to a certain
type of ordering. The experiments on numerous antifer-
romagnets show that at the Ne´el point the paramagnetic
resonance converts in the antiferromagnetic resonance,
if the frequency is larger than the gap of the antiferro-
magnetic resonance, as we observe for the sample with
x =4.57%. If the frequency is much smaller than the
gap value, the ESR signal in a usual antiferromagnet dis-
appears at the Ne´el point. In both cases there is no
ESR signal on the paramagnetic resonance frequency be-
low TN . For the existence of an additional paramagnetic
resonance mode in the uniform antiferromagnet an addi-
tional spin degree of freedom is necessary. A hypothet-
ical additional mode related to Cu2+ spins in our case
should be coupled with the antiferromagnetic resonance
mode. As described above, we excluded the spin degrees
of freedom of the isolated defects and of the triplet ex-
citations, and we detected the absence of any coupling
of two modes. Therefore we come to the conclusion that
our system is not microscopically uniform and the coex-
isting paramagnetic and antiferromagnetic resonance sig-
nals should originate from different areas of the sample.
Thus a microscopic separation in the paramagnetic and
antiferromagnetic phases takes place in macroscopically
uniform samples with low impurity concentrations.
B. Geometrical model
We explain the microscopic phase separation at low
impurity concentrations, when long-range dimerization
order occurs, considering the regions of antiferromagnet-
ically correlated spins9,10 (spin clusters) appearing near
all impurity atoms. The spins within these spin clusters
have nonzero average spin projections in form of stag-
gered magnetization, thus the local Ne´el order parameter
can be introduced. Besides that a cluster has a net mag-
netic moment equal to µB. The correlation length along
the spin chain ξc is estimated to be of about 10 interspin
distances.10,36 The interchain exchange integrals should
result in the spin-spin correlations transverse to the chain
direction. The transverse correlation lengths ξa,b may
be estimated analogous to the estimation of the longitu-
dional correlation length37,38 as follows: ξi ∼ vi/∆, here
vi ∼ Jili is the spinons velocity with Ji being the inter-
chain exchange integrals along the directions a and b ,
li are the lattice constants along these transverse direc-
tions. Thus the cluster at T = 0 may be considered as a
3D region with the staggered magnetization located near
the impurity and with the exponential decay of this stag-
gered magnetization at moving away from the impurity.
At finite temperature the coherence of the antiferromag-
netic order parameter which is spatially variable on the
wing of the cluster will be destroyed by thermal fluctua-
tions. The distance L in the chain direction of the region
of the coherent antiferromagnetic order parameter may
be estimated from the relation:
kBT = JS
2 exp{−2L/ξc}. (2)
The distances of the coherence along transverse direc-
tions are taken to be equal to ξi
ξc
L. Therefore at finite
temperature the area of the spatially coherent antiferro-
magnetic order may be considered as an antiferromag-
netic drop of the ellipsoidal form with fixed boundaries.
This drop is elongated along the spin chain direction and
the ratio of the drop dimensions along and transverse to
the chain is of about the ratio of corresponding exchange
integrals. For CuGeO3 we have this ratio according to
Refs. 3,38: Jb/J=0.11, Ja/J=-0.011.
The size of an ellipsoidal drop enlarges when tempera-
ture is lowering according to the relation (2). A drop has
a net magnetic moment of µB . The drops are placed in
space at random with the density of drops corresponding
to the value of the concentration of impurities. At high
temperatures when the drops are small and do not over-
lap, the antiferromagnetic order parameter is nonzero
within ellipsoids and zero outside them. The phases of
the local order parameters of different drops are not co-
herent and the model shows no long-range antiferromag-
netic order. At lowering temperature the drops grow and
begin to overlap. The order parameter in the overlapped
drops (a conglomerate of drops) is coherent, thus large
areas with coherent antiferromagnetic ordering appear
due to the formation of conglomerates. This model is
illustrated in Fig. 10 by drawing the expanding drops in
two dimensional space. One can see on Fig. 10 how the
area of the coherent antiferromagnetic order penetrates
through a macroscopic distance along both coordinates.
We see that in the process of the formation of large or-
dered regions there are also islands of zero order param-
eter and ordered drops within these islands. The order
parameter propagates in the process of percolation of the
ordered phase through a macroscopic distance. The per-
colation occurs here as it takes place in the phenomenon
of the percolation through the randomly placed interpen-
etrating spheres at a critical value of the volume fraction
occupied by spheres.39
C. Correspondence between the geometric model
and experimental results
The observed results for x = 1.71% sample may be ex-
plained on the basis of the described model as follows. At
a temperature above the Ne´el point the drops are small
and hence isolated (Fig. 10a). All drops contribute to the
Curie-type susceptibility due to their magnetic moments
equal to µB. The dimerized spin-Peierls matrix (white
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area on Fig. 10) also contributes to the magnetic suscep-
tibility via triplet excitations, but this contribution expo-
nentially decreases with decreasing temperature and be-
comes negligible near the Ne´el point. The isolated drops
contribute to the intensity of the paramagnetic resonance
mode because of the Zeeman splitting of the energy levels
due to the net magnetic moment of the drop µB, there-
fore at T ≥ TN we should observe a single ESR line with
g-factor close to that of Cu ions.
At the phase transition at the percolation point there is
a phase separation: there are intersecting threads of anti-
ferromagnetically ordered phase (marked with black color
on Fig. 10c), dimerized spin-Peierls matrix (white) and
still remaining isolated drops (gray). We should observe
both the antiferromagnetic resonance from the threads
of ordered phase and the paramagnetic resonance signal
from the drops isolated within the dimerized matrix.
As the temperature decreases further, the isolated
drops join the antiferromagnetic phase and the volume
of ordered phase increases. The volume of the paramag-
netic phase reduces and the intensity of the paramagnetic
signal should diminish with temperature decrease.
Magnetic measurements (both static and ESR) should
detect the transition into the antiferromagnetically or-
dered state when antiferromagnetic susceptibility which
is due to the staggered magnetization within the con-
glomerates of drops prevails over the paramagnetic sus-
ceptibility of this conglomerates. We may estimate the
number N of spins in a conglomerate at this moment.
The paramagnetic susceptibility given by the Curie-law
is of the order of µ2B/(kBT ) for a conglomerate. Antifer-
romagnetic susceptibility χ⊥ per spin is of the order of
µ2B/J . Thus we obtain
N ∼
J
kBT
∼ 100 (3)
The scenario described above explains mainly the ob-
served phase separation below the Ne´el temperature in
the impurity stimulated antiferromagnetic phase of the
spin-Peierls magnet in the low concentration range. The
dimerized background and the random distribution of im-
purities are of importance for this scenario.
The ratio of the intensity of paramagnetic component
just below the Ne´el temperature to the intensity of the
ESR line above the Ne´el temperature is a measure of
the sample volume occupied by the paramagnetic phase.
The analogous ratio of the antiferromagnetic component
represents the fraction of the antiferromagnetic phase.
The results presented on Fig. 9 show that the antiferro-
magnetic fraction just below TN is small (between zero
and 25% of the sample volume) for the sample with
x = 1.71%. For the samples with x = 2.88 and 3.2% this
volume is larger and exceeds a half of the sample volume,
and for x = 4.57 % the whole sample becomes antifer-
romagnetic at the Ne´el point. Taking into account that
these concentrations lie in different parts of the phase dia-
gram (Fig. 1) we conclude from our results: i) the volume
of the antiferromagnetic phase at T = TN is small when
the ordering takes place at the long-range spin-Peierls
order; ii) at the short-range spin-Peierls order there are
comparable volumes of two phases at the T = TN ; iii) in
the absence of spin-Peierls dimerization the whole sam-
ple becomes ordered at the transition temperature. The
first conclusion is in agreement with geometrical model:
the volume of a percolating thread is smaller than the
sample volume (see Fig. 10c). This observation is to be
compared with the result of the percolation theory for in-
terpenetrating spheres placed at random, giving the vol-
ume fraction at the percolation point vc=0.286 for three
dimensions and 0.675 for two dimensions.
We can not extrapolate the constructed model to the
situation with short range dimerization order. Neverthe-
less it is natural to propose that in the corresponding
concentration range, the behavior of the system should
be intermediate between the behaviors of dimerized and
uniform crystals with defects. This proposition is shown
in Fig. 9 with straight lines interpolating the fraction of
the antiferromagnetic phase from a small value at long
range spin-Peierls order to unity at undimerized phase.
This hypothesis is in a qualitative agreement with our ob-
servations. Further detailed investigations of the amount
of the ordered phase just below the Ne´el point for differ-
ent concentration are of great interest.
It is worth to note that in several previous investiga-
tions of the antiferromagnetic phase in doped CuGeO3
the two-component signal was not observed.23,24,26 The
single line may be explained here either by frequen-
cies far from the antiferromagnetic resonance gaps,26
or by large impurity concentrations which suppress the
dimerization.23,24 The two-component line with the spec-
tra and temperature dependences analogues to the re-
ported in the present work was observed in experiments
with Cu0.98Zn0.02GeO3.
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V. CONCLUSION
ESR measurements reveal the microscopic phase sepa-
ration at the impurity induced antiferromagnetic order-
ing in the spin-Peierls magnet CuGeO3. The tempera-
ture evolution of the ordered phase volume with the small
volume fraction at the Ne´el point indicates the percolat-
ing character of the antiferromagnetic phase transition
at low doping level when the antiferromagnetic and spin-
Peierls order coexist.
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VII. FIGURE CAPTIONS
Fig.1 Phase diagram of the diluted Cu1−xMgxGeO3 fol-
lowing Ref. 20. The phase transitions studied in
the present work are marked by signs •.
Fig.2 Evolution of the ESR line for the sample containing
4.57% Mg. H ‖ a, f = 31 GHz, TN=4.20K.
Fig.3 Evolution of the ESR line for the sample containing
1.71% Mg. H ‖ b, f = 36 GHz, TN=2.25K. Inset:
ESR line at 1.5K and the Lorentzian components.
Fig.4 Evolution of the ESR line for the sample containing
2.88% Mg. H ‖ a, f = 26.3 GHz, TN=4.14K.
Fig.5 The spectrum of the antiferromagnetic resonance
of the 3.2% Mg doped sample at T = 1.8 K for
three principal directions of the magnetic field with
respect to crystal axes. Dashed lines represent the
theoretical calculations following Ref. 27.
Fig.6 The temperature dependences of the 26.34 GHz
ESR fields for the sample containing 2.88% Mg at
H ‖ a. The signs ▽ correspond to the antifer-
romagnetic resonance and © to the paramagnetic
resonance, ✷ - magnetic resonance above TN .
Fig.7 Temperature dependences of the intensities of
36GHz ESR spectral components at H ‖ b. for the
sample with impurity concentration x=1.71%. The
signs: ✷-above TN , ▽ correspond to the antifer-
romagnetic resonance and © to the paramagnetic
resonance below TN . Solid lines are guide-to-eyes.
Inset: 36GHz ESR intensities at H ‖ b for pure
(×) and 1.71% Mg-doped (©) samples at H ‖ b.
Solid line 1 represents the fit by formula (1) for
x = 1.71%, dashed and dotted lines are the first
and second terms in (1), solid line 2 is the second
term obtained from the fitting by formula (1) for
the pure sample.
Fig.8 Temperature dependences of the intensities of spec-
tral components for the samples with impurity con-
centrations 2.88% (a), 3.20% (b). The signs: ✷-
above TN , ▽ correspond to the antiferromagnetic
resonance and © to the paramagnetic resonance
below TN . Solid lines are guide-to-eyes. The Ne´el
temperatures are marked by arrows.
Fig.9 Relative intensities of antiferromagnetic and para-
magnetic ESR components just below TN for differ-
ent concentrations x. The lines are linear interpo-
lations between the uniform and long range spin-
Peierls ordering phases. The arrow indicates the
volume fraction of interpenetrating spheres at the
percolation point according to percolation theory.39
Fig.10 Illustration of the two dimensional modeling of the
formation of the long-range antiferromagnetic or-
der. Spin chains are directed horizontally, drops of
the correlated spins are shown by grey filling, spin-
Peierls matrix is white, the macroscopic group of
drops is marked by black filling. The scale is given
in interspin distances. The modeling is performed
for x =0.1% and the following values of L (in inter-
spin distances): a)L =16, b) L =34; c) L =50.
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